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I 

A DEVICE FOR GRASPING 
OR CUTTING AN OBJECT 

This invention relates to a device and to a method of grasping or cutting an object. 

Many devices which are used commonly for grasping or cutting objects have two 
elements which can be moved towards one another and away from one another. The 
elements have surfaces which may be blunt or sharp so that an object positioned between 
them may be either grasped or cut when the elements are moved towards one another. 
Examples of such devices include tongs, tweezers, forceps, scissors, guillotines, and wire 
cutters. 

The elements of such devices are generally rigid, and are moved relative to one 
another pivotally. The combined requirements that the elements be rigid and capable of 
pivotal movement can preclude their use in situations where there is a limited amount of 
space. Furthermore, it can be difficult to manipulate such devices remotely or at angles. 
These factors tend to make it difficult to use such devices within the body of an animal or 
human undergoing surgery, especially during less invasive surgical techniques, such as 
arthroscopy, endoscopy and laproscopy. During such surgery, it may be necessary to grasp 
and move tissue, for example, to expose an underlying site, or to cut diseased or damaged 
tissue. 

In these less invasive surgical procedures, elongate housings have been developed 
to position the instrument or device into the body through a minimal incision. Example of 
such devices are disclosed in U.S. Patents Nos. 3,404,677 to Springer, 3,491,747 to 
Robinson, 4,218,821 to Schneider, 4,423,729 to Gray, 4,612,708 to Hattori, 4,656,999 to 
Storz, 4,678,459 to Onik, 4,768,505 to Okada et al, and German Patents Nos. 1,266,446 to 
Fischer and 3,732,236 to Baumgart. 

It has now been discovered that one or more elements of such grasping or cutting 
devices can be formed from a pseudoelastic material, such as a shape memory alloy, which is 
capable of being greatly deformed without permanent deformation, to provide an improved 
device that can be more readily used in applications in which there is a limited amount of 
space. Furthermore, the device can be operated remotely or at angles more conveniently 
than previously used devices. 
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It has been proposed to make medical devices from pseudoelastic materials, but such 
prior art devices typically do not have elements which are splayed apart and then moved 
toward one another in the manner necessary in grasping or cutting devices, such as scissors. 
Descriptions of medical devices made from pseudoelastic materials can be found in U.S. 
Patents Nos. 4,61 6,656 to Nicholson et al, 4,665,906 to Jervis, 4,898,1 56 to Gatturna et al, 
4.899743 to Nicholson et al and 4,926,860 to Stice et al, the disclosures of which are 
incorporated herein by reference. 

In one aspect, the present invention provides a device for grasping or cutting an 
object which comprises at least two elongate elements, positioned alongside one another, 
each having a body portion and an end portion, the end portions of the elements: 

(i) being capable of being splayed outwardly apart from one another when free of 
transverse constraint and presenting grasping or cutting surfaces to an object 
to be grasped or cut that is placed between them; and 

(ii) being capable of being moved inwardly towards one another to grasp or cut said 
object; 

wherein a portion of at least one of the elements is formed from a material which exhibits 
pseudoelasticity when deformed under an applied stress. 

Another aspect of this invention comprises a device for grasping or cutting an object 
which comprises 

(a) at least two elongate elements, positioned alongside one another, each 
having a body portion and an end portion, the end portions of the elements: 

(i) being capable of being splayed outwardly apart from one another when free of 
transverse constraint and presenting grasping or cutting surfaces to an object 
to be grasped or cut that is placed between them; and 

(ii) being capable of being moved inwardly towards one another to grasp or cut said 
object; and 



(b) actuating means; 

wherein a portion of at least one of the elements or said actuating means is formed from a 
material which exhibits pseudoelasticity when deformed under an applied stress. 

Yet another aspect of this invention comprises a device for grasping or cutting an 
object which comprises 

(a) a elongate hollow component; 

(a) at least two elongate elements, at least part of which are positioned within 
said component, said elements being positioned alongside one another, each having a body 
portion and an end portion, the end portions of the elements: 

(i) being capable of being splayed outwardly apart from one another when free of 
transverse constraint and presenting grasping or cutting surfaces to an object 
to be grasped or cut that is placed between them; and 

(ii) being capable of being moved inwardly towards one another to grasp or cut 

said object; 

wherein the elements and the component are longitudinally slidable relative to one another 

so that at least the end portions of the elements can be slid into and out of said component 

and wherein a portion of at least one of the elements is formed from a material which exhibits 
pseudoelasticity when deformed under an applied stress and is pseudoelastically deformed 
when positioned within the component. 

A further aspect of this invention comprises a method of grasping or cutting an object, 
which comprises: 

i. providing a device as described above; 

ii. positioning the object between splayed apart end portions of the elements; 
and 



iii. causing said end portions to move toward one another so as to grasp or cut 
said object. 

The pseudoelastic material is preferably a shape memory alloy, such as a 
nickel/titanium-based alloy. 

The device of this invention comprises a hollow elongate component and two 
elongate elements. Preferably, hollow component is tubular. This has the advantage that the 
device can be operated remotely. 

The material of the hollow component may be polymeric. It may be reinforced, for 
example, with fibers, to enable it to withstand the forces exerted on it by the elements while 
they are constrained within and deformed inwardly by the component. A suitable polymeric 
material for the component is, for example, polytetrafluoroethylene, reinforced with braided 
fibers. Alternatively, the material of the hollow component may be metallic, for example 
stainless steel. A preferred hollow component is an elongate tube, preferably formed from 
stainless steel. The elongate hollow component can be, for example, a tubular housing, 
cannula, catheter or sheath. 

The hollow component may be circular in cross-section which can have the advantage 
that it permits deformation of the elements substantially uniformly in all directions. Other cross- 
sections may be preferable in some situations. For example, it can be advantageous to use a 
hollow component which has the same shape in cross-section as the elements which are 
received within it, to minimize twisting of the elements relative to one another. 

Generally, the elements are at least partially formed from a pseudoelastic material, 
such as a shape memory alloy, which is capable of being elastically deformed, by as much as 
10%, or more depending on the material selected. As discussed above, the device of the 
invention has the advantage that, by use of elements formed at least partially from a 
pseudoelastic material,which can be deformed, It can be used in appfications in which there is 
a limited amount of space. Furthermore, the device can be operated remotely or at an angle 
more conveniently than many previously used devices. 
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In certain embodiments of the invention, at least one of the end portions of the 
elements Is formed from a pseudoelastic material, preferably a shape memory alloy, and that 
end portion has a curved configuration when not constrained and is deformed Into a 
straightened configuration when within the hollow component. The term "straightened 
configuration" means that the configuration of the element is straighter when deformed than it 
is when the element is not deformed. When the end portion of the element (or end portions 
of the elements if both are of pseudoelastic material) is extruded from the hollow component it 
is no longer constrained and reverts or recovers to its curved configuration thereby splaying 
away from the other element. When the end portion is withdrawn back into the hollow 
component, or the hollow component is drawn over the end portion, it moves toward the 
other end portion grasping or cutting any object placed between them. 

In some embodiments of the invention, the end portions of the elongate elements 
are formed from a shape memory alloy and are deformed into a straightened configuration 
when within the component and curve at an angle to the end of the component when 
extended therefrom. In certain other embodiments in which the end portions of the elongate 
elements are formed from a shape memory alloy, they are deformed into a curved 
configuration when within the component and are substantially straight when extruded from 
the component. In still other embodiments, the body portion of one or both of the elements 
is formed from a shape memory alloy and the body portion of the element becomes curved on 
exiting the component, thereby splaying the end away from the other end portion. 

In any embodiment, an actuating means, which may be formed from a shape memory 
alloy, can be provided to splay the end portions apart from one another and/or to move them 
toward one another and/or to rotate the elements with respect to the housing and/or slide the 
elements with respect to the hollow component. In such embodiments, it is not necessary for 
the elements to be formed from a pseudoelastic material. 

At least a portion of at least one, preferably each, of the elements is formed from a 
shape memory alloy which exhibits pseudoelasticity when deformed under an applied stress. 
The use of a shape memory which exhibits pseudoelasticity has the advantage that the 
amount of elastic deformation that is available is large compared with that available from many 
other materials. In certain preferred embodiments, the end portion of one or both of the 
elements is formed from a shape memory alloy. In other embodiments, a section of the body 
portion of one or both of the elements is formed from a shape memory alloy. The large 



amount of elastic deformation of the elements allows the device to be used to grasp or cut 
large objects, while ensuring also that the device has a small transverse dimension when the 
elements are deformed inwardly, allowing the device to pass through small spaces. 

The property of pseudoelasticity of certain shape memory alloys, which preferably is 
used In the device of this invention, is the subject of a paper presented by T. W. Duerig and 
G. R. Zadno at the International meeting of the Materials Research Society in Tokyo in June 
1988. As discussed in the paper, the disclosure of which is incorporated herein by reference, 
certain alloys are capable of exhibiting pseudoelasticity of two types. "Non-linear 
pseudoelasticity" arises in appropriately treated alloys while they are in their austenitic phase 
at a temperature which is greater than M s and less than Md (M s is the temperature at which, 

when a shape memory alloy in its austenitic phase is cooled, the transformation to the 
martensitic phase begins, and Md is the maximum temperature at which the transformation to 

the martensitic phase can be induced by the application of stress). It is generally required that 
the alloy be annealed at a temperature which is less than the temperature at which the alloy is 
fully recrystallized. An article formed from an alloy which exhibits non-linear pseudoelasticity 
can be deformed substantially reversibly by 8% or more. In contrast, "linear pseudoelasticity" 
is believed not to be accompanied by a phase change. It is exhibited by shape memory alloys 
which have been cold worked while in the martensitic phase, but have not been annealed in 
the manner discussed above. An article formed from an alloy which exhibits linear 
pseudoelasticity can be deformed substantially reversibly by about 4%. 

While the alloy that is used in the device of this invention may exhibit either of the 
extreme types of pseudoelasticity, or pseudoelasticity of an intermediate type, it is generally 
preferred that it exhibit non-linear pseudoelasticity because of the large amount of elastic 
deformation that is available, and also because the effective elastic modulus which is 
characteristic of such deformation is lower, giving rise to the advantages discussed above. 

"Non-linear pseudoelastic properties may be conferred on an article by annealing at a 
temperature below that at which the alloy is fully recrystallized. The elements may be provided 
with a desired configuration by holding the arms in that configuration during the annealing 
step. 
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A method of treating shape memory alloys to enhance their pseudoelastic properties 
can be found in U.S. Patent No. 4,935,088 to Duerig, the disclosure of which is incorporated 
herein by reference. 

The material of the elements will be selected according to the characteristics desired 
of them. For some applications, materials such as spring steel and beryllium copper alloys may 
be suitable. When a shape memory alloy is used, it is preferably a nickel titanium based alloy, 
which may include additional elements which might affect the yield strength that is available 
from the alloy or the temperature at which particular desired pseudoelastic characteristics are 
obtained. For example, the alloy may be a binary alloy consisting essentially of nickel and 
titanium, for example 50.8 atomic percent nickel and 49.2 atomic percent titanium, or it may 
include a quantity ot a third element such as vanadium, chromium or iron. Alloys consisting 
essentially of nickel, titanium and vanadium, such as disclosed in US-4505767, are particularly 
preferred for some applications, particularly since they can exhibit non-linear pseudoelastic 
properties at or around body temperatures. Copper based alloys may also be used, for 
example alloys consisting essentially of copper, aluminum and nickel, copper, aluminum and 
zinc, and copper and zinc. 

The end and body portions of the elongate elements may be formed from the same 
material, for example, both may be formed from a shape memory alloy, for convenience. 
Frequently, however, it may be preferable to use different materials because of the different 
functions that the end and body portions might have to serve. For example, the end portions 
may be of stainless steel or the Eke to provide a sharp cutting edge or a cutting edge of 
stainless steel may be provided on a part of end portions formed from a sharp memory alloy. 
The cross-sections of the end and body portions wiD generally be different, although this 
need not necessarily be the case. For example, the end portions may be rectangular to 
present a grasping surface or triangular to present a cutting surface, and the body portions 
may be rectangular for rigidity. 

In some embodiments, the end portions of the elements are pivotady connected to 
one another towards their free ends. This minimizes the possibility of an object to be cut 
becoming dislocated from the cutting device before it is cut. The device may then be used to 
move an object once it has been positioned between the elements. This can also be 
achieved when the elements are not joined together at their free ends, but with less control in 
some situations. When the elements are not connected directly at their free ends, they may 
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be connected by a flexible component which extends between the end portions of the 
elements so as, together with the end portions of the elements, to form a closed loop. 
Leaving the elements unattached at their free ends can facilitate positioning the device so 
that the object is located between the elements. 

The end portions of the elements may be provided with a cutting edge of a material 
other than a shape memory alloy. The cutting edge may be inlaid in the end portion or can 
extend from the end portion of the device. 

Preferably the body portions of the elements are attached to one another. This can 
facilitate manipulation of the two elements. For example, the elements may be attached to 
one another by adhesive material or by fasteners such as screws or rivets, or the elements 
may be formed as a single body of material. Alternatively, the elements may be attached to an 
elongate member by which they are moved longitudinally relative to the hollow component. 
For example, such a member may be hollow, at least at its end, and the elements may be 
received within the member. 

The elongate elements may be symmetrical when they are splayed outwardly apart, 
and preferably also when deformed inwardly. However, for some applications, it might be 
appropriate for the elements not to be symmetrical, or for the elements not to be deformed 
symmetrically (for example only one of the elements might be deformed), or both. 

The cutting surfaces of the elements may abut one another in the manner of wire 
cutters, or they may cross one another In the manner of shears. The grasping surfaces of the 
elements may abut one another and be sufficiently blunt to avoid cutting the object to be 
grasped. Alternatively, the grasping surfaces need not be configured so as to contact each 
other in the manner of cutting devices. The object being grasped need merely be entrapped 
between the end portions of the elements. The grasping surfaces may be ridged or contain 
protuberances to assist in grasping the object. 

In certain embodiments, an object may be grasped or cut using the device of the 
invention by bringing together the device and the object while the elements are positioned at 
least partially within the component, and by then moving the hollow component and the 
elements longitudinally relative to one another, so that the end portions of the elements 
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extend from the object and become splayed outwardly. The object can then be positioned 
between the elements to be grasped or cut in accordance with the method described above. 

In other embodiments, the end portions of the elements do not splay apart from one 
another due to pseudoelasticity. In such embodiments, the device is provided with means for 
actuating the end portions of the elements. Illustrative actuating means are described more 
fully below with reference to the drawings and include rack and pinion means, pin and slot 
means, four-bar linkages and the Oke. In certain embodiments, the actuating means may be 
pseudoelastic. 



The device will be particularly useful in applications in which access to an object to be 
cut or grasped is restricted, for example in medical applications in which the object to be cut or 
grasped is a part of a human or animal body. In this application, the elongate elements may be 
positioned in the body by means of a hollow component in the from of a cannula.catheter or 
sheath introduced, for example, through an opening into a body cavity. 

The device may be arranged so that the axis on which the elements cut the object is 
not coaxial with the axis of at least a significant portion of the hollow component. This may be 
arranged, for example, by providing the elements with a suitable bend. The elements may be 
deformed from their bent configuration towards their straight configuration, and held in the 
straight configuration, by the hollow component while they are within it. Alternatively, it may be 
arranged by use of a hollow component which is bent towards the end from which the 
elements extend. 



The device may also be useful in the assembly of mechanical, electrical or other 
equipment, for example by means of robots. 

■ 

The invention will be belter understood with reference to the accompanying 
drawings, in which: 



Figure 1 is an isometric view of a cutting device of the invention; 



Figures 2 (a) to (c) are cross-sections through the device shown in Figure 1 , taken at 
Ones A-A, B-B and C-C respectively; 
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Figures 3 (a) to (e) are elevational views of a first embodiment of the cutting device 
shown in Figure 1 at various stages during a cutting operation; and 

Figures 4 (a) to (c) are elevational views, partially in section, of another embodiment of 
cutting device at various stages during a cutting operation. 

Figures 5 (a) to (e) illustrate an embodiment of a device in accordance with this 
invention in which the end portions and body portions of the elongate elements are integral 
and are moved by a rotational actuator made of a material other than a pseudoelastic material. 

Figures 6 (a) to (e) illustrate representative cross sections of end portions of the 
elements adapted to grasp or cut an object. 

Figures 7 (a) to (e) illustrate various actuating means which function to cause the 
elements to splay apart and come together and, optionally, rotate the elements, and/or 
withdraw the elements into or out of the hollow component. 

Figures 8 illustrates an embodiment of the device of this invention in which the end 
portions are curved when at least partially unconstrained and pinned together pivotally at their 
tips. 

Figure 9 demonstrates a method of using a grasping device of this invention. 

Figure 10 (a) to (c) illustrate an embodiment of the device of this invention in which 
the elements are splayed and in which the body portions of the elements are bent when the 
elements are unconstrained. 

Rgure 11 (a) and (b) illustrate a device ol this invention in which the elements have 
end portions beyond a pivot point, and in which the body portions of the elements are of 
pseudoelastic material and when unconstrained are bent to splay the end portions and 
position them at a desired angle with respect to the hollow component. The body portions act 
as actuating means to open and close the end portions of the elements to grasp or cut an 
object. 
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Figure 12 illustrates a device similar to the device in Figure 1 1(b) , but in which the 
body portions of the elements are made of a pseudoelastic material and have a bend of about 
90°. 

Figures 1 and 2 show a cutting or grasping device which comprises two elongate 
elements 1 and 3, each having a body portion 5 and an end portion 7. The end portions are 
joined together pivotaily at their free ends by a pin 9. The end portions preferably have a 
triangular cross-section, where the apex of the triangle provides a cutting surface 10. 
Alternatively, any flat cross-sectional area may present a grasping surface. Other possible 
cross-sectional areas are illustrated in Figures 6(a) to (e). 

The elongate elements are preferably formed from a shape memory alloy which has 
been treated so that it exhibits pseudoelasticity in the temperature range between ambient 
temperature and a temperature above body temperature. 

Elongate elements 1 and 3 are located within an elongate housing 1 1 within which 
they can slide longitudinally, the housing preferably being a stiff tubular sheath. The elongate 
elements can be extended beyond the end of housing 1 1 by longitudinally moving them 
relative to housing 1 1 via any suitable manually operated mechanism. 

Figure 3 (a) shows the cutting or grasping device with elongate elements 1 and 3 
restricted completely within housing 1 1 , which holds the elongate elements in a deformed 
configuration inwardly towards one another. The housing is positioned as desired relative to 
an object to be cut while the elongate elements are in this configuration. Once so positioned, 
the end portions 7 of the elongate elements are caused to extend from the housing, by 
relative movement of the elements and the housing. Once released from the transverse 
constraint imposed by the housing, end portions 7 of the elements splay outwardly apart, as 
shown in Figure 3 (b), allowing an object 15 to be positioned between them, as shown in 
Figure 3 (c). Figure 2 shows the cross-sectional configurations of elongate elements 1 and 3 
at positions A-A, B-B, and C-C of Figure 1 , which illustrates the elongate elements splayed 
apart. 

Object 15 is caused to engage the cutting surfaces 10 of elongate elements 1 and 3. 
Relative longitudinal movement of the elongate elements and the housing will force at least 
parts of the elongate elements together, thereby cutting the object, as shown in Figures 3 (d) 
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and 3 (e). If desired, object 15 can be moved by holding the housing and moving the 
elongate elements. If it is desired not to move object 15. the elongate elements are held 
fixed and the housing is moved. Once object 15 has been cut, the elongate elements are 
retracted into the housing for removal of the device from the site of the cutting operation. 

The end portions 7 of elongate elements 1 and 3 may represent sections of spherical 
surfaces to faciBtate the splaying and cutting. End portions 7 may be used to grasp, instead of 
cutting, tissues. The grasping function would be faciOtated if end portions 7 do not have 
cutting surfaces 10, and if end portions 7 are not fully retracted into housing 1 1 . Furthermore, 
the splaying action of elongate elements 1 and 3 may be utilized to separate tissues. 

Figure 4 shows a device which comprises two elongate elements 21 and 23 that are 
preferably formed from a shape memory alloy which has been treated so that it exhibits 
pseudoelastic behavior. The elements can slide longitudinally within a tubular housing 25. 
Figure 4 (a) shows the device with the elongate elements 21 and 23 positioned almost 
entirely within the tubular housing 25. Housing 25 constrains elongate elements 21 and 23 in 
straightened and deformed shapes. 

As elongate elements 21 and 23 are moved bngitucfinally relative to housing 25, the 
elongate elements extend from the end of housing 25, as shown in Figures 4 (b) and 4 (c). 
As they extend from the end of housing 25, the elongate elements become unconstrained 
and recover toward their preset curved shapes pseudoelastically. They pseudoelastically 
splay outwardly so that they can receive an object 27 between them. The elongate elements 
may be interconnected indirectly towards their free ends 29 by a flexible component, such as 
a piece of wire 31 , which helps to prevent dislocation of object 27 from between the elongate 
elements. Object 27 is cut or grasped by relative movement between housing 25 and the 
elongate elements, such that the elongate elements become constrained within the housing, 
generally as described above with reference to Figure 3. The splaying action of elongate 
elements 21 and 23 may also be utilized to separate tissues. 

Figure 5 (a) illustrates an embodiment of the invention in which elongate elements 51 
and 52 are substantially planar and straight in their unconstrained shapes, but are located in a 
plane which deviates by an angle 0 from a plane which includes the axis x-x of a hollow tube 
53. In this embodiment, elongate elements 51 and 52 are attached to outer tube 53 and 
inner tube 55, respectively, as shown in Figure 5 (b). The proximal end (i.e., the end opposite 
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the elongate element 52) of inner tube 55 is provided with a groove 58, and inner tube 55 is 
positioned within outer tube 53. The proximal end of outer tube 53 is provided with a groove 
59, which extends in a direction opposite to groove 58 of inner tube 55. Plunger 60 is 
provided with a peg 61 . The plunger is positioned at the proximal end of the tubes. The 
proximal ends 58p and 59p of grooves 58 and 59, respectively, are positioned such that they 
overlap and are engaged by peg 61 . When peg 61 engages proximal ends 58p and 59p of 
grooves 58 and 59, elongate elements 51 and 52 are preferably splayed apart in the plane 
defined by their respective flat surfaces. When plunger 60 is pushed into inner tube 55 in a 
distal direction toward the elongate elements, peg 61 engages grooves 58 and 59, causing 
tubes 53 and 55, and thereby the elongate elements 51 and 52, to rotate in opposite 
directions. Preferentially, this rotation would cause the elongate elements to rotate into a 
more overlapped configuration. The elongate elements can thereby grasp an object placed 
between them. If the elongate elements have cutting edges, they could thereby cut an 
object placed between them. When plunger 60 is withdrawn from inner tube 55 again, peg 
61 could cause tubes 53 and 55 to rotate such that elongate elements 51 and 52 splay apart 
from their overlapped configuration. Elongate elements 51 and 52 could thereby be used to 
separate tissues. 

With respect to this embodiment, it should be noted that the angle 0 between 
elongate elements 51 and 52 and tubes 53 and 55 can be any number of degrees desired, 
even 90 degrees. In addition, the elongate elements may be curved, not only within the 
plane generally described by their surfaces, but also out of the plane generally described by 
their surfaces. Furthermore, there may be more than one peg on plunger 60. 
Correspondingly there would be additional grooves in tubes 53 and 55. The grooves may be 
spiralled, and longer, such that elongate elements 51 and 52 could be caused to rotate in 
both directions of their overlapped position in one stroke of plunger 60. Finally, grooves 58 
and 59 could be made configured such that elongate elements 51 and 52 could be brought 
to their overlapped configuration by withdrawing plunger 60 in a proximal direction away from 
the elongate elements. 

Figure 5 (c) shows the attachment of elongate elements 51 and 52 onto inner and 
outer tubes 53 and 55, respectively. Elongate element 52 is provided with aperture 63 which 
fits over stem 64, which is integral with or is secured to the distal end of inner tube 55. The 
length of stem 64 is equal to or less than the thickness of elongate element 52. The cross- 
sectional shapes of aperture 63 and stem 64 are preferably noncircular, and they may, for 
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example, be square, serrated, notched, etc. Screw 65 and washer 66 fasten elongate 
element 52 to inner tube 55. Washer 66 may have a beveled side to accommodate the angle 
e between the axis x-x of inner tube 55 ( and tube 53) and the plane of elongate elements 51 
and 52. 

Elongate element 51 is provided with an aperture 68 which fits over stem 69. which is 
integral with or is secured to the distal end of outer tube 53. The length of stem 69 is 
preferably slightly greater than the thickness of elongate element 51 , so that rotation of 
elongate element 51 relative to elongate element 52 is not hindered. The cross-sectional 
shapes of aperture 68 and stem 69 are preferably nondrcular, and they may, for example, be 
square, serrated, notched, etc. 

Inner tube 55, with attached elongate element 52, fits into outer tube 53. Elongate 
element 51 will be captured between the base of stem 69 and elongate element 52. Outer 
tube 53, with inner tube 55 contained therein, and elongate elements 51 and 52 attached, 
can be inserted Into a sheath 61. As shown in Figure 5 (d), when elongate elements 51 and 
52 are drawn into sheath 61 (shown in cross-section), they will be deformed in a direction 
more parallel to axis x-x. This deformation will be facilitated if elongate elements 51 and 52 are 
transversely curved along their longitudinal dimensions (i.e., trough shaped). Also, if the 
outer diameter of tube 53 is only slightly smaller than the inner diameter of sheath 61 , the 
circumferences of elongate elements 51 and 52 along portions 81 and 83 (i.e., the 
circumferences of elongate elements 51 and 52 around their respective apertures 68 and 63. 
except for their longitudinally extended portions), should preferably not extend beyond the 
outer diameter of outer tube 53. When outer tube 53 is extended distally beyond the end of 
sheath 61 , elongate elements 51 and 52 win no longer be constrained, and they will elastically 
recover their preset shapes again. This deformation and shape recovery is enhanced if the 
elongate elements are made of a pseudoelastic shape memory alloy. 

Figure 5 (e) is a bottom view of a possible embodiment of washer 66. Projection 62 
has an outer diameter which is equal to or smaller than the outer diameter of outer tube 53. 
The surface of projection 62 may be rough, or it may even have teeth or protrusions, in order 
to obtain a better grip on elongate element 52. Projection 62 preferably encompasses less 
than half of the circumferential arc of washer 66. The remaining circumference of washer 66 
has a outer diameter which is equal to or smaller than the maximum diameter of the head of 
screw 65. As shown in Figure 5 (d). projection 62 covers the back end 67 of elongate 
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element 52. In this manner, elongate element 51 , and secondarily, elongate element 52, can 
be given as much bending length as possible when they are both constrained within sheath 
61 . The sides 33 and 34 of projection 62 are preferably perpendicular to the axis y-y of 
symmetry of washer 66. where axis y-y is perpendicular to the longitudinal dimension of 
elongate element 52. This will permit ready bending of elongate element 52 along a zone 
which is perpendicular to its longitudinal dimension. 

There may be any suitable means between outer tube 53 and inner tube 55 to 
prevent plunger 60 from pushing inner tube 55 out of outer 53 tube when plunger 60 is 
pushed in a distal direction in inner tube 55. In addition, there may be any suitable means 
between outer tube 53 and sheath 61 , so that outer tube 53 can not be completely pushed 
out of sheath 61 once elongate elements 51 and 52 are adequately extended out of sheath 
61 and plunger 60 is used to cause rotation of elongate elements 51 and 52. Plunger 60 can 
be pushed relative to sheath 61 and tubes 53 and 55 by any suitable manually operated 
mechanism. Examples of manually operated mechanisms include sliders, pistol grip handles, 
scissors handles, and syringe-plunger arrangements. 

While most of the specific embodiments are directed to cutting devices, it is to be 
understood that blunt edges can replace the cutting edges in any of the embodiments, 
illustrative blunt and cutting edges are shown in Figures 6 (a), (b). (c), (d), and (e). The cutting 
and grasping edges may be integral with the elements or may be formed separately and 
attached thereto. Figure 6 (a) illustrates grasping surfaces 71 and 72. Surfaces 71 and 72 
may be flat or they may contain ridges, protrusions or the Bke to aid in gripping an object 
Figure 6 (b) illustrates shearing cutting edges 73 and 74 which cut an object by a shearing 
action. Figure 6 (c) illustrates another pair of edges for cutting. In Figure 6 (c), surface 75 is 
flat, while edge 76 provides a sharp edge tor cutting an object. Figure 6 (d) illustrates cutting 
edges 77 and 78. Sharp edges 77 and 78 of the triangular cross-sections meet to permit 
cutting. Figure 6 (e) illustrates cutting edges 80 and 82, which are at any desired angles a and 
8 relative to the direction of opening and closing of the elongate elements. In all of these 
embodiments, as well as in all of the embodiments described herein, the cutting edges or 
gripping surfaces could be made of any material such as steel, diamond, plastic, etc.. which is 
attached to the elongate elements. 

Figure 7 (a), (b), and (c) illustrate several different means of actuating elongate 
elements. In Figure 7 (a), elongate elements 150 and 151 are joined together at pivot 152. 
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Also joined at pivot 152 is one end of a linkage composed of four bars 153, 154, 155, and 
156, which are pivotally connected to each other. Elongate elements 150 and 151 are 
preferably rigidly attached to bars 153 and 154, respectively. Alternatively, bars 153 and 154 
may merely represent extensions of elongate elements 150 and 151, respective ty. Pivot 152 
is preferably fixed to a cannula 159. The pivot 157 at the other end of the four-bar linkage is 
joined to rod 158. When rod 158 is pushed in direction 301, pivot 157 is pushed closer to 
pivot 152. This will cause elongate elements 150 and 151 to splay apart. Since the 
transverse dimension of four-bar Enkage 153, 154, 155, and 156 which is perpendicular to 
rod 158 becomes larger as pivot 157 approaches pivot 152, slots 160 and 161 may be 
provided in cannula 159 to permit pivot 157 to approach closer to pivot 152 if the transverse 
dimension of cannula 159 is small. Rod 158 may be pushed (or pulled) relative to cannula 159 
by any suitable manually operated mechanism. Examples of manually operated mechanisms 
include sliders, pistol grip handles, scissors handles, and syringe-plunger arrangements. 

Elongate elements 150 and 151 may be constrained in deformed and straightened 
shapes within a sheath 1 62. This win permit compact and relatively atraumatic entry into a 
body. Rod 158 can then be used to pushed axially in direction 301 within sheath 162. The 
four-bar Dnkage 153, 154, 155, and 156 will partially extend through slots 160 and 161 in 

■ 

cannula 159, but the inner surface of sheath 162 will prevent pivot 157 from fully approaching 
pivot 152. Therefore, cannula 159 will be forced to move in direction 301 , and elongate 
elements 150 and 151 will extend from the end of sheath 162 in direction 301. In their 
extended position, elongate elements 150 and 151 will not be constrained, and they may 
recover toward their preset curved shape. However, slots 163 and 1 64 are provided in 
sheath 1 62 to permit rod 1 58 to push pivot 1 57 fully toward pivot 1 52 in order to fully splay 
elongate elements 150 and 151 apart. Slots 163 and 164 in sheath 162 may be made to 
overlap slots 160 and 161 in cannula 159 by simply extending cannula 159 far enough within 
sheath 162, or by extending cannula 159 far enough within sheath 162 and then rotating 
sheath 162 relative to cannula 159 to allow the respective slots to coincide. Rod 158 may 
then be used to splay or increasingly overlap elongate elements 150 and 151 as desired. 

Rod 158 can be moved in cfirection 302 so that pivot 157 is moved as far away as 
possible from pivot 152. This will cause elongate elements 150 and 151 to be in their most 
overlapped configuration. Moving rod 158 further in direction 302 will cause cannula 159 to 
slide in direction 302, and will cause elements 150 and 151 to be drawn into deformed and 
straightened shapes within sheath 162. This will permit the entire assembly to be withdrawn 
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from the body in a compact and relatively atraumatic fashion. The passive member of the 
manually operated mechanism would preferably be mounted to sheath 162. 

In this fashion, the extension and withdrawal of elongate elements 150 and 151 from 
or into sheath 162 can be accomplished by utilizing an expanded stroke of the same manually 
operated mechanism which is used to splay or increasingly overlap elongate elements 150 
and 151. In this case, a means must be provided to prevent cannula 159 from sliding beyond 
a certain location within sheath 1 62 in direction 301 . Also, a means may be provided to 
minimize relative motion between cannula 159 and sheath 162 while the four-bar linkage is 
being used to repeatedly move elongate elements 150 and 151 toward their splayed or 
overlapped configurations. Furthermore, the manually operated mechanism would preferably 
permit axial rotation of the entire assembly of sheath 162 and its contents relative to the 
manually operated mechanism, so that elongate elements 150 and 151 can be oriented in 
any desired direction relative to the manually operated mechanism. 

In the configuration illustrated in figure 7 (a), it will be noted that movement of rod 158 
in direction 301 will tend to splay elongate elements 150 and 151 apart. As described above, 
one method of minimizing this splaying before the device is in the correct location is to create 
slots in specific locations of sheath 162. In an alternative method, bars 156 and 155 are 
shorterthan bars 153 and 154, and pivot 157 is already positioned as close as possible to 
pivot 152 during placement of the device into a body. (In this configuration, bare 155 and 156 
would overlap bars 153 and 154, respectively.) Moving rod 158 in direction 301 will then urge 
elongate elements 150 and 151 toward their overlapped configuration, even though the 
elongate elements can be extended beyond the end of sheath 162 by the same motion in 
direction 301 when the sheath is held fixed. Elongate elements 150 and 151 can then be 
splayed apart by moving rod 158 in direction 302. When the device is to be withdrawn from a 
body, rod 158 is moved further in direction 302, so that pivot 157 is as far as possible from 
pivot 152, where the configuration shown in figure 7 (a) would be an intermediate position. 
Hongate elements 150 and 151 will thereby be urged back toward their overlapped 
configuration. Moving rod 158 even further in direction 302, relative to sheath 162, will permit 
withdraw elongate elements 150 and 151 into sheath 162. 

figure 7 (b) shows an embodiment in which elongate elements 150 and 151 have a 
pivot 165 and body portions 166 and 167, respectively. Body portions 166 and 167 have 
slots 168 and 169, respectively. A rod 190 has a peg 191 which is oriented to slideably 
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engage slots 1 68 and 1 69. Pivot 1 65 is fixed to the cannula 1 92, and slots 1 68 and 1 69 are 
preferably oriented so that motion of rod 190 in direction 310 will urge elongate elements 150 
and 151 toward their overlapped configuration, and motion of rod 190 in cfirecHon 320 will 
splay elongate elements 150 and 151 apart. Cannula 192 may be substantially the same as 
cannula 159 shown in Figure 7 (a). In addition, a sheath 193, which may substantially be the 
same as sheath 162 shown in Rgure 7 (a), can be utilized. The function and use of the 
embodiment shown in Rgure 7 (b) is then substantially the same as the embodiment shown in 
Rgure 7 (a). 

A variation of the embodiment illustrated in Rgure 7 (b) would include elongate 
elements in which the slots are placed distal to the pivot point between the elongate 
elements. (That is, the slots are located between the pivot point and the tips of the elongate 
elements). Body portions 166 and 167 as shown in Rgure 7 (b), and slots 160, 161 , 163, and 
1 64 as shown in Rgure 7 (a) may then not be necessary. However, the actuating rod (such as 
rod 190 shown In Rgure 7 (b)), would have to be designed so that it does not interfere with 
the pivot point between the elongate elements. 

Rgure 7 (c) shows another embodiment in which the elongate elements 150 and 151 
may be made to splay apart or increasingly overlap each other. Elongate elements 1 50 and 
151 are hinged at pivot 170, which is preferably fixed to a cannula 176. Surrounding pivot 
170, elongate elements 150 and 151 each have a rounded body portion with teeth along 
edges 171 and 172, respectively. The teeth engage the corresponding grooves located in 
jaws 173 and 174 of slicfing member 175. The degree of splaying or overlapping of elongate 
elements 150 and 151 may be limited by Smiting the lengths of edges 171 or 172 which are 
toothed. Additionally, or alternatively, the degree of splaying or overlapping of elongate 
elements 150 and 151 may be limited by Smiting the lengths of the grooved zones in jaws 173 
and 174. Sliding member 175 Is moved in direction 303 or 305 by any suitable manually 
operated mechanism. Examples of manually operated mechanisms include sliders, pistol grip 
handles, scissors handles, and syringe-plunger arrangements. Elongate elements 150 and 
151 are preferably moved toward their overlapped configuration when sliding member 175 is 
moved in direction 303 and moved toward their splayed apart configuration when sGding 
member 175 is moved in direction 305. However, toothed edges 171 and 172 can be 
located on elongate elements 150 and 151 such that moving sliding member 175 in direction 
303 moves elongate elements 150 and 151 toward their splayed configuration and moving 
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sliding member 175 fn direction 305 moves elongate elements 150 and 151 toward their 
overlapped configuration. 

Elongate elements 150 and 151 may be constrained in deformed and straightened 
shapes within a sheath 178. This wiO permit compact and relatively atraumatic entry into a 
body. Sliding member 175 can then be moved in direction 303 relative to sheath 178 In order 
to extend elongate elements 150 and 151 from the end of the sheath. In the preferred 
mode, this motion will also tend to keep elongate elements 150 and 151 in their overlapped 
configuration without splaying these elements apart in the wrong direction. (As described 
above, toothed edges 171 and/or 172 and/or the jaws 173 and/or 1 74 can be designed to 
prevent splaying in the wrong direction). Elongate elements 1 50 and 151 can then be 
repeatedly moved toward their splayed configuration or their overlapped configuration by 
moving sliding member 175 in directions 305 or 303, respectively, and a means may be 
provided to minimize relative motion between cannula 176 and sheath 178 during this 
repetitive motion. 

Elongate elements 150 and 1 51 can be withdrawn back inside sheath 178 by forcibly 

moving sliding member 175 in direction 305 relative to sheath 178. The end of sheath 178 

will force elongate elements 150 and 151 into their overlapped configuration, as well as 

forcing elongate elements 150 and 151 into straightened and deformed shapes into sheath 

1 78 in order to permit the entire assembly to be withdrawn from a body in a compact and 

relatively atraumatic fashion. Alternatively, sheath 178 can be extended over elongate 

elements 150 and 151 to straighten and deform these elements into sheath 178 and to 

permit the entire assembly to be withdrawn from a body in a compact and relatively atraumatic 
fashion. 

If a sheath 178 is utilized, it would preferably be mounted to the passive member of 
the manually operated mechanism. In this fashion, the extension and withdrawal of elongate 
elements 150 and 151 from or into sheath 178 can be accomplished by utilizing an expanded 
stroke of the same manually operated mechanism which is used to move sliding member 175 
in order to splay or increasingly overlap elongate elements 150 and 151 . 

When elongate elements 150 and 151 are to be removed and replaced, it would be 
advantageous to move cannula 176 far enough in direction 303 so that pivot 170 is beyond 
the end of sheath 178. Then the pivot pin can be removed, sliding member 175 can be 
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extended beyond the end of cannula 176, and elongate elements 150 and 151 can be 
simply sDd out of jaws 1 73 and 174 in a direction perpendicular to the axis of sliding member 
175. In addition, in order to permit the elongate elements 150 and 151 to be oriented in any 
desired direction relative to the manually operated mechanism, this mechanism would 
preferably permit axial rotation of the entire assembly of sheath 178 and its contents relative to 
the actuating mechanism. 

Figure 7 (d) shows how sliding member 175 could be configured around a pivot fixing 
member 185, which has holes 180 and 182. Elongate elements 150 and 151 are rotatably 
mounted on a pin 180. The ends of pin 180 can be placed into holes 181 and 182 when 
sheath 178 is pulled back in direction 400, since the ends of sliding member 175 and the 
ends of pivot fixing member 185 can gently splay apart when they are not held within sheath 
178. When sheath 178 is moved back in direction 401 , elongate elements 150 and 151 will 
be securely held when pin 180 is within sheath 178. The end of pivot fixing member 185 
which has holes 181 and 182 can be fork shaped. Preferably a means is provided which 
minimizes motion of pivot fixing member 185 relative to sheath 178 when sliding member 175 
is utilized to repeatedly move elongate elements 150 and 151 toward their splayed or 
overlapped configurations. Figure 7 (e) shows the device before sheath 178 is pulled back to 
permit insertion of elongate elements 150 and 151 . 

In the embodiments described for Figures 7 (a), (b), (c), and (d), the elongate 
elements are preferably made of a pseudoelastic shape memory alloy. Also, in any of the 
embodiments described for Figures 7 (a), (b), (c), and (d), the elongate elements can be used 
for cutting, grasping, and/or separating tissues. The end portions of the elongate elements 
can be fashioned appropriately for any of these functions, or separate appropriately designed 
parts may be attached to the end portions of the elongate elements. 

Figure 8 shows a cutting device, similar to the device shown in Figure 1, with curved 
elongate elements 91 and 93 extended from a housing 92. This permits the elongate 
elements to be both open for cutting or grasping and curved at an angle 94 away from axis 95 
of housing 92. Angle 94 is defined by the axis 95 of housing 92 and the straight line 96 
created between the point of intersection of axis 95 with the distal end of housing 92 and the 
pin 99. Angle 94 can be any desired angle, even greater than 90 degrees, thus permitting 
cutting or grasping in a direction off axis 95. This provides access to difficult to reach locations 
in the body. Elongate elements 91 and 93 are shaped so that they circumscribe spherical 
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arcs which allow the elements to engage each other and perform the cutting or grasping 
function, either as they are retracted back into housing 92. or as housing 92 is extended over 
the elongate elements. The portions of elongate elements 91 and 93 which enter housing 
92 assume a less curved shape. Since elongate elements 91 and 93 may be made of 
pseudoelastic shape memory alloy, they may attain these less curved shapes by undergoing 
some phase transition from austenite to stress-induced-martensite. 

Figure 9 shows a device in which elongate elements 102 and 106, preferably made of 
pseudoelastic shape memory alloy, are first held constrained in straightened and deformed 
shapes inside a cannula 1 03. This permits compact placement into a body through tissue 
incision or orifice 108. Elongate elements 102 and 106 are then extended out of cannula 

103 by moving elongate elements 102 and 106 in direction 501 relative to cannula 103. 
Since at least part of extended elongate elements 102 and 106 are no longer constrained, 
they will splay apart due to recovery of the pseudoelastic shape memory alloy into its preset 
curved unconstrained shapes. Cannula 1 03 can be then be extended onto elongate 
elements 102 and 106 to force these elements to approach each other. Alternatively, 
elongate elements 1 02 and 1 06 can be withdrawn back into cannula 1 03 to force these 
elements to approach each other. In either mode, the tips of elongate elements 102 and 106 
can be used to grasp tissue 107 or an object. The grasping function of elongate elements 
102 and 106 can be enhanced by providing the end portions of these elements with bends 

104 and 105, teeth, or the like at their tips. Elongate elements 102 and 106 may also be 
ribbed or toothed along their entire lengths. The described mode of action may permit the 
instrument to be used multiple times in each location. 

The large pseudoelastic deformation of shape memory alloys (up to 10%) permits much wider 
splaying of elongate elements 102 and 106 over a much shorter distance 109 than would be 
possible with traditional metals. This permits working in confined spaces, particularly in 
endoscopic or laparoscopic surgery. A variation of this embodiment may include more than 
two elongate elements. 



Figures 10 (a), (b), and (c) illustrate three views of another embodiment. As elongate 
elements 121 and 123 are extended outside the housing 120, they splay outward causing 
end portions 122 and 124 to separate also. When elongate elements 121 and 123 are 
partially withdrawn into housing 120, they cause end portions 122 and 1 24 to approach each 
other. If elongate elements 121 and 123 are further withdrawn into housing 120, the sections 
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121 e and I23e of elongate elements 121 and 123 are forced to deform into straightened 
shapes in order to pass into housing 120, thus causing the direction of orientation of end 
portions 122 and 124 to approach the direction of axis 126 of housing 120, and the angle 
125 approaches zero degrees (angle 125 is defined by axis 126 of housing 120 and the 
plane of end portions 122 and 124). End portions 122 and 124 may also be fully or partially 
withdrawn into housing 120, if desired. The straight configuration permits easy removal of the 
instrument from a body In a compact and relatively atraumatic fashion. However, with elongate 
elements 121 and 123 in a completely extended position, angle 125 permits access to 
difficult to reach locations. 

In the embodiments shown in Figures 1 0 (a), (b), and (c), the body portions of 
elongate elements 121 and 123 are preferably made of pseudoelastic shape memory alloy. 
Alternatively, sections 1216 and 123e may be the only parts of elongate elements 121 and 
123 which are made of pseudoelastic shape memory alloy. End portions 122 and 124 may 
also be made of pseudoelastic shape memory alloy, but they could be made of any suitable 
material, even If elements 121 and 123 are made at least in part of pseudoelastic shape 
memory alloy. End portions 122 and 124 may have a cutting function or a grasping function. 
They may also be used to separate tissues. The described mode of action may permit the 
instrument to be used multiple times in each location. 

Figures 1 1 (a) and 1 1 (b) show embodiments similar to the embodiments shown in 
Figures 1 and 8, respectively. In Figures 12 (a) and 12(b), the elongate elements 131 and 

133 extend beyond the pin 139 in order to provide end portions 134 and 135. End portions 

134 and 135 may be unitary extensions of elongate elements 131 and 133 or they may be 
separate portions bolted or attached to elongate elements 131 and 133. The action of 
withdrawing elongate elements 131 and 133 into housing 111 closes and deforms body 
portions 1 16 and 1 17, and the scissor action is transmitted to end portions 134 and 135. In 
this manner, the body portions of the elongate elements act as the actuating means for the 
end portions of the elongate elements. Figure 12 (b) illustrates a curved version of Figure 1 1 
(a). The angle 1 1 2 is defined by the axis 1 13 of housing 1 1 1 and the straight line 1 1 4 created 
between the point of intersection of axis 113 with the distal end of the housing and pin 139. 
Angle 1 12 can be any number of degrees, even greater than 90 degrees, thus permitting 
cutting or grasping in a direction off axis 1 13. This provides access to difficult to reach 
locations within a body. 
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In the embodiments of Figures 11 (a) and 1 1 (b), body portions 1 16 and 117 are 
preferably made of pseudoelastic shape memory alloy. Alternatively, only end portions 134 
and 135 may be made of pseudoelastic shape memory alloy, but these end portions could be 
made of any suitable material, even if body portions 1 16 and 1 17 are made of pseudoelastic 
shape memory alloy. End portions 1 34 and 1 35 may have a cutting function or a grasping 
function. They may also be used to separate tissues. The described mode of action may 
permit the instrument to be used multiple times in each location. 

Figure 12 illustrates another embodiment similar to the embodiment shown in Figure 
11 (b). Body portions 141 and 143 of elongate elements 118 and 119 are used to create 
both a scissors action through a pinned location 149 and also to provide the ability to direct 
the scissor action at an angle of about ninety degrees off the axis 148 of housing 140. 
Elements 141 and 143 splay apart when they are outside of housing 140. As housing 140 is 
pushed over the body portions 141 and 143 in direction 144, sections 14le and 143e move 
toward one another. This action in turn causes the end portions 146 and 147 to approach 
each other in a scissor fashion by pivoting around pin 149. Because the relative movement of 
housing 140 in directions 144 and 145 is perpendicular to end portions 146 and 147, the 
position of these end portions is unchanged with respect to the tissue location. After end 
portions 146 and 147 have closed, further withdrawal of elongate elements 118 and 119 into 
housing 140 causes sections 14le and 143e to straighten from their curved shapes. This 
permits end portions 146 and 147 to generally aOgn with axis 148 of housing 140. End 
portions 146 and 147 may also be fully or partially withdrawn Into housing 140, if desired. The 
straight configuration permits easy removal of the instrument from a body in a compact and 
relatively atraumatic fashion. 

In the embodiments of Figure 12, body portions 141 and 143 of elongate elements 
118 and 119 are preferably made of pseudoelastic shape memory alloy. Alternatively, 
sections 14le and 143e may be the only parts of body portions 141 and 143 which are made 
of pseudoelastic shape memory alloy. End portions 146 and 147 may also be made of 
pseudoelastic shape memory alloy, but they could be made of any suitable material, even if 
body portions 141 and 143 are made at least in part of pseudoelastic shape memory alloy. 
End portions 146 and 147 may have a cutting function or a grasping function. They may also 
be used to separate tissues. The described mode of action may permit the instrument to be 
used multiple times in each location. 
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A variation of the embodiment shown in Figure 12 would have end portions 146 and 
147 in a plane which is parallel to axis 148, so thai pivot 149 is on an axis which is 
perpendicular to axis 148. In this embodiment, moving body portion 141 in direction 144 
and/or moving body portion 143 in direction 145 would tend to splay end portions 146 and 
147 apart. Moving body portion 141 in direction 145 and/or moving element 143 in direction 
144 would tend to bring end portions 146 and 147 into a more overlapped configuration. In 
this manner, the body portions of the elongate elements ad as the actuating means for the 
end portions of the elongate elements. In order to facilitate the requisite bending in sections 
141 e and 143e, body portions 141 and 143 would preferably be either round or made of flat 
material oriented in a plane perpendicular to the plane of end portions 146 and 147. If body 
portions 141 and 143 are made of flat material, they may include a 90 degree twist in the 
material between sections 141e and I43e and end portions 146 and 147, respectively. 
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WHAT IS CLAIMED IS: 

1 . A device for grasping or cutting an object which comprises at least two 
elongate elements, positioned alongside one another, each having a body portion and an 
end portion, the end portions of the elements: 

(i) being capable of being splayed outwardly apart from one another when free of 
transverse constraint and presenting grasping or cutting surfaces to an object 
to be grasped or cut that is placed between them; and 

(ii) being capable of being moved inwardly towards one another to grasp or cut said 
object; 

wherein a portion of at least one of the elements is formed from a material which exhibits 
pseudoelasticity when deformed under an applied stress. 

2. A device for grasping or cutting an object which comprises 

(a) at least two elongate elements, positioned alongside one another, each 
having a body portion and an end portion, the end portions of the elements: 

(i) being capable of being splayed outwardly apart from one another when free of 
transverse constraint and presenting grasping or cutting surfaces to an object 
to be grasped or cut that is placed between them; and 

(ii) being capable of being moved inwardly towards one another to grasp or cut 

said object; and 

(b) actuating means; 

wherein a portion of at least one of the elements or said actuating means is formed from a 
material which exhibits pseudoelasticity when deformed under an applied stress. 
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3. A device for grasping or cutting an object which comprises 

(a) a hollow elongate component; and 

(b) at least two elongate elements, at least part of which are positioned within 
said component, said elements being positioned alongside one another, each having a body 
portion and an end portion, the end portions of the elements: 

(I) being capable of being splayed outwardly apart from one another when free of 
transverse constraint and presenting grasping or cutting surfaces to an object 
to be grasped or cut that is placed between them; and 

(ii) being capable of being moved inwardly towards one another to grasp or cut 
said object; 

wherein the elements and the component are longitudinally slidable relative to one another 
so that at least the end portions of the elements can be slid into and out of said component 
and wherein a portion of at least one of the elements is formed from a material which exhibits 
pseudoelasticlty when deformed under an applied stress and is pseudoelastically deformed 
when positioned within the component. 

4. A device as claimed in any preceding claim, wherein the pseudoelastic 
material is a shape memory alloy. 

5. A device as claimed in claim 3 or claim 4, in which the component is an 
elongate housing, preferably an elongate polymeric or metallic tube. 

6. A device as claimed in any preceding claim, in which the end portion of at 
least one, preferably both, of the elements is formed from a shape memory alloy which 
exhibits pseudoelasticity. 

7. A device as claimed in claim 6, In which at least part of the body portion of at 
least one, preferably both, of the elements is formed from a shape memory alloy which 
exhibits pseudoelasticity. 
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8 . A device as claimed in claim 6 or claim 7, wherein said end portions are 
splayed apart when not deformed within the hollow component and are moved toward one 
another when drawn into the hollow component or the hollow component is drawn over said 
end portions. 



9 . A device as claimed in claim 6, claim 7 or claim 8, wherein the end portlon(s), 
formed from a shape memory alloy are curved at a predetermined angle with respect to the 
hollow component when said end portions(s) is (are) extruded from the component. 

10. A device as claimed in claim 6, claim 7 or claim 8, wherein the end portion(s), 
formed from a shape memory alloy are straight and at a predetermined angle with respect to 
the hollow component when said end portions(s) is (are) extruded from the component. 

11. A device as claimed in claim 3, which further comprises an actuating means for 
splaying the end portions of the elements apart from one another, and/or moving said end 
portions toward one another, and/or sliding the elements with respect to the hollow 
component, and/or rotating the elements with respect to the hollow component. 

12. A device as claimed in daim 1 1 , in which said actuating means is formed from 
a shape memory alloy. 

13. A device as claimed in claim 1 2, in which at least one of the end portions, 
preferably both, and/or at least one of the body portions, preferably both, of the elongate 
elements of the device are made of a material other than a shape memory alloy. 

14. A device as claimed in claim 1 1 , in which said actuating means is formed from 
a material other than a shape memory alloy. 

15. A device as claimed in claim 12 or claim 14, in which at least one of the end 
portions, preferably both, and/or at least one of the body portions, preferably both, of the 
elongate elements of the device are made of a shape memory alloy. 

16. A device as claimed in any preceding claim, which further comprises a cutting 
edge of a material other than a shape memory alloy, preferably stainless steel, preferably said 
cutting edge extends beyond the end portion of at least one of the elements. 
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17. A device as claimed in any preceding claim, in which the end portions of the 
elements are pivotally connected to one another towards their free ends. 

18. A device as claimed In any preceding claim, which includes a flexible 
component that extends between the end portions of the elements so as, together with the 
end portions of the elements, to form a closed loop. 

19. A device as claimed in any preceding claim, in which the body portions of the 
elements are attached to one another. 

20 . A device as claimed in any preceding claim, in which at least the end portions 
of the elements are readily removable from the device. 

21 . A method of grasping or cutting an object, which comprises: 

i. providing a device as claimed in any preceding claim; 

■ 

ii. positioning the object between the splayed apart end portions of the 
elements; and 

iii. causing said end portions to move toward one another so as to grasp or cut 
said object. 

22. A method of cutting an object, which comprises: 

i. provicfing a device as claimed in claim 6, claim 7 or claim 8; 

ii. positioning the object between the splayed apart end portions of the 
elements; and 

iii. moving the hollow component and the elements longitudinally relative to one 
another such that the end portions are received at least partially within the 
component, causing the object to be cut as the end portions of the elements 
are deformed inwardly towards one another by the component. 
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23. A method as claimed in claim 22 in which the device and the object are 
brought together while the end portions of the elements are positioned at least partially within 
the hollow component, and which includes the step of moving the hollow component and the 
elements longitudinally relative to one another, so that the end portions extend from the end 
of the hollow component. 

24. A method as claimed in claim 21 , claim 22 or claim 23, in which the object is a 
part of a human or animal body. 

25 . A method as claimed in claim 24 in which the object is an internal part of the 
body, and the method includes the step of positioning at least the end portions of the 
elements within the body. 



1/12 




FIG— I 



3 



SUBSTITUTE SHEET 



2/12 






FtG-2a FIG-2b F/G-2c 



SUBSTITUTE SHSST 



3/12 




4/12 




25 



21 



23 



31 



FIG-Ab 




FIG-Ac 

SUBSTITUTE SHEET 



» 



6/12 




FIG. 5d 



3 'u 

FIG. 6a 




73 

FIG. 6b 



75n ,76 

FIG. 6c 




FIG. 5e 



FIG. 6d 



82 




SUBSTITUTE SHEET 




80 




FIG. 6e 




FIG. 7c 

SUBSTITUTE SHEET 




SUBSTITUTE SHEET 



n/12 




FIG. IOa FIG. lOb 




FIG. lOc 



Oi mCTJTE ?"T^ Q^' «v 



\<Lt \<L 




SUSSTITUTE SHEET 



Intonation*! Application No PCT/US 90/04624 



I. CLASSIFICATION OF SUBJECT MATTER (it several classification symbols apply. Indicate all) * 

According to International Pattnt Classification (IPC) or to both National Claudication and IPC 

5 A 61 B 17/22, 17/28, 17/32, 10/00, B 25 B 9/00, 
IPC : B 26 B 13/26 

II, FIELDS SEARCHED ; 

Minimum Documentation Searched 1 



Classification System | 



IPC 



Claudication Symbol* 



A 61 B 



Documentation Starclwd ether than Minimum Doeumantatlon 
to the Extant that aueh Doeumantt are Included In the Flelde Searched * 



III. DOCUMENTS CONSIDERED TO It RELEVANT* 

| Cateoory~*l Citation ot Document, " with indicat lonTwhaio approprtate. ot the r*levant paaaaooo » 



US, A, 4509517 (ZIBELIN) 
9 April 1985 

see column 3, line 11 - column 6, 
line 4; figures 1-11 



EP, A, 0145166 (RAYCHEM CORP.) 

19 June 1985 

see the whole document 
(cited in the application) 



EP, A, 0069942 (OLYMPUS) 
19 January 1983 

see page 3, line 5 - page 7, line 
15; figures 1-7 

Patent Abstracts of Japan, volume 11, 
no. 373 (P-643), 5 December 1987 
& JP, A, 62144045 (TOSHIBA) 
5 December 1987 

see the abstract • / • 



1-25 



1-3,24,25 



1-25 



1-3 



• Special categories of cited documents: <o 

"A" document defining the general atate ot the art which le not 
conaidered to be ot particular relevance 

"E" earlier document but pubtiehed on or attar the international 
filing, date 

«L" document which may throw doubte on priority daim(a) or 
which it cited to establish the publication date ot another 
citation or other special reaaon (as specified) 

"O" document referring to an oral disclosure, use. exhibition or 
other means 

M P" document published prior to the international filing data but 
later than the priority date claimed 



tater document pubtiehed attar the Internationa) filing date 
or priority date and not In conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

■X" document of particular relevance; the claimed Invention 
cannot bo considered novel or cannot bo considered to 
Involve an Inventive etep 

m V document of particular relevance;' the claimed Invention 
cannot be considered to Involve an Inventive step when the 
document ie combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
tn the art. 

•A" document member of the eame patent family 



IV. CERTIFICATION 



Oate ot the Actuol Completion of the International Search 

19th December 1990 



Oate of Mailing of this International Search Report 

2 *i. 01. 91 



International Searching Authority 

EUROPEAN PATENT OFFICE 



Signature^ #u}horUed Officer 




'Weinberg 



Form PCT/ISARtO (sscond sheet) (January IMS) 



(SUITE DE5 RENSE1CNEMENT5 INOIQUES SUR LA 
III. DOCUMENTS COMSIDtRlS COMME PERTINENTS OEUXItME FEUILLE) 



Cattgorle * 



Mwnrfleation Ct documents dtH. ivk ir>dicanon. u n*c*ttvr«, 

OX psiUDtt ptouwmi 



US, A, 4655219 (PETRUZZI) 
7 April 1987 
see the whole document 



US, A, 4273128 (LARY) 
16 June 1981 
see the whole document 



H° am revindications 



1-3 



1-3 



i 
I 



i 
i 

I 

* 



FormulAir* PCT/lSA/210 <f«uillt AddltionnfM*) (Jiwuf 1965) 



ON INTERNATIONAL PATENT APPLICATION NO. IS 9004624 

SA 40286 

This annex lists the patent family members relating to the patent documents cited in the above-mentioned international search report. 
The members are as contained in the European Patent Office EDP fBe on 15/01/91 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 



Patent document 


Publication 


Patent family 


Publication 


cited in search report 


date 


members) 


date 



US-A- 4509517 09-04-85 None 



EP-A- 


0145166 


19-06-85 


CA-A- 1246956 
JP-A- 60100956 
US-A- 4665906 


20-12-88 
04-06-85 
19-05-87 


EP-A- 


0069942 


19-01-83 


JP-A,B,C58012637 
US-A- 4427000 


24-01-83 
24-01-84 


US-A- 


4655219 


07-04-87 


None 




US-A- 


4273128 


16-06-81 


None 





5 1 

I For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



